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ABSTRACT 
I 

An exper imenta l  technique has been devised  t o  measure 
t h e  s c a t t e r i n g  of microwave r a d i a t i o n  from a plasma coa ted  
magnetized sphere .  A review of the  r e l e v a n t  l i t e r a t u r e  is  
g iven  and t h e  experimental  appara tus  and techniques  a r e  
desc r ibed .  Pre l iminary  r e s u l t s  of a t t e n u a t i o n  and phase s h i f t  a r e  
p re sen ted  which i n d i c a t e  t h a t  the  plasma p r o p e r t i e s  can be 
determined u s i n g  t h i s  technique.  

I n  a d d i t i o n  t h e  r e s u l t s  provide t h e  r a d a r  c r o s s  s e c t i o n  
of a sphe re  c l a d  wi th  plasma having c o n f i g u r a t i o n s  vary ing  
from a s p h e r i c a l  s h e l l  t o  a d i s c .  
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INTRODUCTION 
In  e a r l i e r  p u b l i c a t i o n s ,  ' j 2  t he  au thor  has desc r ibed  a 

technique  for e s t a b l i s h i n g  and main ta in ing  a s t a b l e  plasma 
b e l t  t rapped  i n  %he f i e l d  of a permanent s p h e r i c a l ,  d i p o l e  
magnet. The exper imenta l  appara tus  is e s s e n t i a l l y  a glow 
d i scha rge  wi th  t h e  magnet s e r v i n g  a s  t h e  cathode.  The plasma 
p r o p e r t i e s  and c o n f i g u r a t i o n  a r e  dependent upon t h e  r e s i d u a l  
gas  p r e s s u r e ,  t h e  s ize  of t h e  sphere ,  t h e  a p p l i e d  v o l t a g e  and 
v a r i o u s  o t h e r  p h y s i c a l  parameters.  

These p r o p e r t i e s  have been s t u d i e d  u s i n g  Langmuir probes.  
The r e s u l t s  of t h e s e  s t u d i e s  w i l l  be b r i e f l y  reviewed t o  
f a m i l i a r i z e  t h e  r e a d e r  w i t h  the exper imenta l  s i t u a t i o n .  For 
a comprehensive and complete d i s c u s s i o n ,  t h e  r e a d e r  is  r e f e r r e d  
t o  t h e  r e f e r e n c e s  c i t e d  above. 

The a p p l i c a b i l i t y  of microwave s c a t t e r i n g  techniques  a s  
a d i a g 2 o s t i c  t o o l  for  the  plasma w i l l  t hen  be d i scussed .  F i r s t  
t h e  g e n e r a l  exper imenta l  and t l t e o r e t i c a l  background w i l l  be  
reviewed. Next, t h e  experimental  appa ra tus  which has  been 
c o n s t r u c t e d  w i l l  be descr ibed .  F i n a l l y ,  p re l imina ry  r e s u l t s  
of phase and ampli tude measurements w i l l  be p re sen ted .  

PLASMA PROPERTIES 
The exper imenta l  arrangement is e s s e n t i a l l y  a glow d i scha rge .  

A s p h e r i c a l  permaEent magnet which produces a d i p o l e  f i e l d  t o  
an  e x c e l l e n t  approximation is placed i n  a vacuum system and 
made t h e  cathode of a d.c.  d i scharge .  The r e s i d u a l  gas  p r e s s u r e  
i s  t y p i c a l l y  of t h e  o rde r  of t e n s  of microns.  Two b a s i c  t y p e s  
of plasma c o n f i g u r a t i o n s  occur when t h e  gas  breaks  down. One 
is a s t a b l e  lumicous plasma be l t  which sur rounds  t h e  sphe re .  
The second is the  o n s e t  of i n s t a b i l i t i e s  i n  t h e  plasma i n  which 
b r i l l i a n t  a r c s  occur which emanate i n  t h e  b e l t  and m a v e r s e  
a magcet ic  f i e l d  l i n e ,  t e rmina t ing  on t h e  sphere .  These 
i G s i a b i l i t i e s  l a s t  f o r  a few mi l l i s econds .  Both t h e  s t a b l e  
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b e l t  and t h e  i n s t a b i l i t i e s  have been s t u d i e d  and d i s c u s s e d  i n  
-:he works mentioced e a r l i e r .  

Spheres of va r ious  s i z e  have been used ,  namely 1.25, 3.0, 
6.0 and 1 2 . 0  i nches  i n  diameter .  The shape of t h e  s t a b l e  b e l t  

v a r i e s  with t h e  s i z e  of sphere  used a s  w e l l  a s  t h e  a p p l i e d  
v o l t a g e .  I n  t he  c a s e  of t h e  1 .25  inch  diameter  s p h e r e ,  t h e  
v i s i b l e  plasma e s s e n t i a l l y  sur rounds  t h e  sphe re  w i t h  t h e  
excep t ion  of sma l l  a r e a s  near t h e  p o l e .  A s  t h e  sphe re  s i z e  is 

i c c r e a s e d ,  t h e  b e l t  becomes more f l a t ,  approaching a d i s c  i n  
t he  e q u a t o r i a l  p lane .  I n  a d d i t i o n ,  t h e  plasma around t h e  l a r g e r  
spheres  is  more u n s t a b l e  than  t h a t  around t h e  s m a l l  sphe re .  

A time exposure,  color photograph of a l l  of t h e  plasma 
c o n f i g u r a t i o n s  is shown i n  F igu re  1. The s i ze  of t h e  sphe re  
i r a  t h i s  case is 12.0 inches .  Shown i n  F igu res  2 and 3, a r e  
photographs of some of t h e  t y p e s  of i n s t a b i l i t i e s  which occur .  
The s i z e  of t h e  sphere  i n  t h i s  ca se  is 6 i nches .  A p l o t  of 
plasma d e n s i t y  vs  d i s t a n c e  i n  t h e  e q u a t o r i a l  p l ane  is shown i n  
F igu re  4 .  I n  g e n e r a l ,  i t  may be s a i d  t h a t  f o r  a l l  sphe re  
s i ze s  
e x h i b i t s  a maximum, and ex tends  t o  a f e w  r a d i i .  For t h e  s m a l l e s t  
s p h e r e ,  t h e  plasma almost completely sur rounds  t h e  s p h e r e ,  w h i l e  

f o r  t h e  l a r g e s t  sphe re ,  t h e  plasma is  e s s e n t i a l l y  a disc  i n  
t h e  e q u a t o r i a l  p l ane .  I t  is t h i s  s t a b l e  b e l t  which is t h e  
s u b j e c t  of t h i s  i n v e s t i g a t i o n ,  r a t h e r  t h a n  t h e  a r c  i n s t a b i l i t i e s .  

t h e  plasma d e n s i t y  is of t h e  o r d e r  of lo7  p a r t i c l e s / c c ,  

I t  has been determined t h a t  t h e  plasma is g y r a t i p g  about 
t he  f i e l d  l i n e s ,  and d r i f t i n g  i n  t h e  e q u a t o r i a l  p l ane  under t h e  
combined in f luence  of t h e  magnetic f i e l d  r a d i a l  g r a d i e n t  and 
t h e  r a d i a l  e l e c t r i c  f i e l d .  

The use of Langmuir probes has  c e r t a i n  i n h e r e n t  d i f f i c u l t i e s  
and l i m i t a t i o n s  which have been po in ted  o u t  i n  t h e  r e f e r e n c e s  
c i t ed .  I n  a d d i t i o n ,  t h e  plasma o f f e r s  an  e x c e l l e n t  geometry - 
f o r  i n v e s t i g a t i o n  u s i n g  microwave s c a t t e r i n g  techniques .  The 
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problem may be ca t egor i zed  a s  t h e  i n t e r a c t i o n  of microwave 
r a d i a t i o n  wi th  a conduct ing sphere surrounded by a g y r o t r o p i c  
plasma having a c o n f i g u r a t i o n  which v a r i e s  from a non-uniform 
s p h e r i c a l  s h e l l  t o  a d i s c  of vary ing  d e n s i t y .  

e 
I t  is w e l l  t hen  t o  review t h e  t h e o r e t i c a l  and exper imenta l  

background for  such a s tudy  before  proceeding wi th  t h e  
d e s c r i p t i o n  of t h e  experiment.  The next  t w o  sec t ions  then  a r e  
in t ended  t o  provide t h e  r eade r  with a f a i r l y  ex tens ive  l i t e r a t u r e  
review a s  w e l l  a s  d i s c u s s  t h e  gene ra l  a s p e c t s  of t h e  problem. 

REVIEW OF THEORETICAL AND EXPERIMENTAL BACKGROUND 

A .  S c a t t e r i n g  of Electromagnet ic  Waves 
The s c a t t e r i n g  of e lec t romagnet ic  waves from o b j e c t s  i s ,  

h i s t o r i c a l l y  speaking ,  q u i t e  o l d  and w e l l  formulated.  The 
b a s i c  d i f f e r e n t i a l  equa t ions  and g e n e r a l  boundary c o n d i t i o n s  
a r e  known. However, except  f o r  t h e  m o s t  s imple  geometr ies ,  
t h e  t h e o r e t i c a l  d e r i v a t i o n  of s c a t t e r i n g  p a t t e r n s  is q u i t e  
complex. Exper imenta l ly ,  t h e  problem is a l s o  q u i t e  complicated.  
An e x c e l l e n t  rev iew,  is t h e  t e x t  by King and Wu. 3 

I n  cons ide r ing  t h e  i d e a l  s c a t t e r i n g  problem, t h a t  is, one 
i n  which a l l  i n t e r a c t i o n s  between t r a n s m i t t e r ,  r e c e i v e r  and 
s p u r i o u s  r e f l e c t i o n s  can be neg lec t ed ,  t h e r e  a r e  t w o  important  
f e a t u r e s  which determine t h e  s c a t t e r i n g  p a t t e r n ,  t h e  geometry 
and p h y s i c a l  p r o p e r t i e s  of t h e  s c a t t e r e r .  Perhaps t h e  m o s t  
s imple s c a t t e r i n g  problem from t h e  s t a n d p o i n t  of geometry is 
t h e  c a s e  of t h e  i n f i n i t e  c y l i n d e r .  T h e o r e t i c a l  c a l c u l a t i o n s  
and exper imenta l  r e s u l t s  have been ob ta ined  by numerous i n v e s t i -  
g a t i o n s  of t h e  va r ious  c a s e s  of p e r f e c t l y  conduct ing,  d i e l e c t r i c ,  
and d i e l e c t r i c - c l a d ,  conduct ing c y l i n d e r s .  4 y 6  The s c a t t e r i n g  

.. of e l ec t romagne t i c  r a d i a t i o n  from another  geomet r i ca l ly  s imple  

body, t h e  s p h e r e ,  has  a l s o  been t h e  s u b j e c t  of a number of 
s t u d i e s ,  i n c l u d i n g  t h e  c a s e s  of c o n c e n t r i c  sphe res  and d i e l e c t r i c  
spheres,  7 y 8  

- 

The t e x t  by Van de Hulst’ is an e x c e l l e n t  
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t r e a t i s e  on t h e  s u b j e c t  of s c a t t e r i n g  by conduct ing and 
d ie lec t r ic  spheres .  

The fo l lowing  g e n e r a l  s t a t e m e n t s  migh t  be made concerning 
t h e  p r e s e n t  s t a t e  of t h e  s c a t t e r i n g  problem. T h e o r e t i c a l  
s o l u t i o n s  of *he s c a t t e r i n g  p a t t e r n  a r e  a v a i l a b l e  fo r  s imple 
geometr ies  such a s  t h e  t h i n  w i r e ,  c y l i n d e r s ,  and s p h e r e s  and 
v a r i o u s  s i m p l e  a r r a y s  of t h e s e  bod ies .  I n  most c a s e s  computer 
e v a l u a t i o n s  a r e  necessary .  There have been a few exper imenta l  
s t u d i e s  of a number of v a r i o u s  shapes t o  v e r i f y  t h e  t h e o r e t i c a l  
c a l c u l a t i o n s .  Usual ly ,  t h e  best method of o b t a i n i n g  t h e  
s c a t t e r i n g  p a t t e r n  of a complicated o b j e c t  is t o  a c t u a l l y  
measure i t ,  or a s u i t a b l e  model, exper imenta l ly .  

B .  S c a t t e r i n g  of Electromagnet ic  Waves from Plasma 

plasma-clad bodies .  
magcet ic  waves through a plasma one observes  t h a t  t h e  plasma 
is a d i e l e c t r i c  mai2ly because of t h e  presence o f  f ree  e l e c t r o n s .  
The c o l l i s i o n s  between e l e c t r o n s  and i o n s  cause  exergy d i s s i p a t i o 2  
which makes t h e  d i e l e c t r i c  l o s s y .  F u r t h e r ,  i n  t h e  presecce  of 
a s t e a d y  magnetic f i e l d ,  t h e  plasma becomes a n i s o t r o p i c  so  t h a t  
t h e  d i e l ec t r i c  cons t an t  is a t e n s o r .  Thus, when an  electro- 
magzet ic  wave t r a v e r s e s  a plasma one might g e n e r a l l y  expect  
a t t e n u a t i o n  a s  w e l l  a s  non-rec iproca l  propagat iou.  Wait 
has  examined t h e  g e n e r a l  c a s e  of boundary c o n d i t i o n s  i n  such 
a plasma g i v i n g  e x p l i c i t  r e s u l t s  f o r  r e f l e c t i o n  c o e f f i c i e n t s  
of s t r a t i f i e d  plasma i n  p l ana r  and c y l i n d r i c a l  geometry, 
Unz” has  made a s tudy  of boundary c o n d i t i o n s  and r e f l e c t i o n s  
for g e n e r a l  gy ro t rop ic  media. 

c 

We now t u r n  t o  t h e  q u e s t i o n  of s c a t t e r i n g  f r o m  plasma and 
I n  cons ide r ing  t h e  propagat ion  of electro- 

10 

I n  g e n e r a l ,  t h e  d i e l e c t r i c  t e n s o r ,  n e g l e c t i n g  i o n  motion, 
is a funcLion of t h e  e l e c t r o n  plasma f requency ,  t h e  e l e c t r o n  
gyro frequency and t h e  e l e c t r o n  c o l l i s i o n  frequency.  Thus,  t h e  

wave s c a t t e r e d  b y  a body of plasma c o a t a i n s ,  i n  g e n e r a l ,  in format ion  
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. 
concerning these three quantities. The particular form of the 
information is, of <)purse, dependent upon the physical con- 
ditions involved. 

- 
For exapple, Nagelberg" has studied 

theoretically the interaction of microwaves with gyroelectric 
plasmas of finite extent having cylindrical and spherical boundaries. 
One of the important effects of the anisotropy is to induce 
changes in the polarization of the scattered wave. In addition, 
if the plasma is in thermal equilibrium, there is a relation 
between the scattered radiation and the noise emitted from the 
plasma. 

been the subject of a number of studies!3y14 
of oscillation of a cylindrically symmetric, magnetically 
confined plasma have been studied. The scattering of micro- 
waves from an infinitely long magnetized plasma column has 
been studied by Platzman and Ozaki. l6 
the sane problem by a different technique eliminating some 
of t h e  assumptions using the Born approximation. Shmoys18 has 
shown f o r  a cylindrical column whose density distribution is 
a slowly varying, monotonically decreasing function of radius, 
that the diffraction pattern can be calculated directly from 
the knowledge of the density function and vice versa. Easley 
has made an excellent review of the problem of scattering of 
microwaves from plasma cylinders and has performed a number 
of experiments on a plasma jet at 35 and 72 kmc/s. He has 
concluded on the basis of his results a number of important 
things, among which are: that the concept of matching 
experimental scattering measurements with plasma microscopic 
parameters is a useful laboratory technique; and, that quite 
accurate measurements can be made using relatively simple 
techniques. 

The scattering of microwaves from cylindrical plasmas has 
The normal modes 

Midzuno17 has attacked 

19 



- 6 -  

In  c o x l u d i n g  t h i s  review,  1% may be s a i d  t h a t  c o r s i d e r a b l e  
experimental  and t h e o r e t i c a l  r e s u l t s  concerc ing  t h e  s c a t t e r i n g  
of mic-owaves from va r ious  bod ies  e x i s t s .  However, t h e s e  have 
been KO measurements of t h e  s c a t t e r i n g  of microwaves f r o m  a 
plasma coated sphere .  We may t h u s  s a y  t h a t  a p a r t  f r o m  t h e  
p o s s i b l e  geophysical  a p p l i c a t i o n s  of such measurements w e  may 
ob2ai:i i n  a d d i t i o n  t h e  s c a t t e r i n g  p a t t e r n s  of a p h y s i c a l l y  
importaRt and s imple plasma-eonductor c o n f i g u r a t i o n .  

We now t u r n  t o  a d i s c u s s i o n  of t h e  exper imenta l  appa ra tus  
which has  been c o n s t r u c t e d  and t h e  r e s u l t s  which have been 
o b t  a i ;;e d 

EXPERIMENTAL APPARATUS 
The microwave source  used was an X - 1 3  k l y s t r o n  capable  

of gene ra t ing  f r e q u e n c i e s  i n  t h e  range  8-12 gc. S tandard  
X band equipment was used throughout .  The t r a n s m i t t i n g  and 
rece iv i r ig  horns were t h e  s t a n d a r d  g a i n  type .  The t r a c s m i t t i n g  
hor-r was f i x e d  i n  a given pos i t ion .  whi le  t h e  r e c e i v i c g  horc 
was mounted on a l u c i t e  s t a n d .  The r e c e i v i n g  ho rz  assembly 
s l i d e s  on a l u c i t e  t a b l e  t o p  i n  a c i r c u l a r  directiox?.  The 
angular  p o s i t i o n  can be measured t o  w i t h i n  0 , l  A schematic  
of t he  exit ire assembly a s  viewed f r o m  t h e  v e r t i c a l  d i r e c t i o n  
is  shown i n  F igure  5. The g l a s s  b e l l  j a r  is 18" ia diameter  

0 

and has  1/4" w a l l s .  The magnetized sphe re  is p laced  i n  t h e  
cen.ir;er of t he  b e l l  j a r .  The t o p  of t h e  b e l l  j a r  and t h e  t a b l e  
a r e  s u f f i c i e n t l y  f a r  f r o m  t h e  sphe re  s o  t h a t  t hey  do c o t  effecm; 
t h e  measured s c a t t e r i n g  p a t t e r n s .  

Phase s h i f t  measurements were made u s i n g  a r o t a r y  vazle 
phase s h i f $ e r  a s  shown i n  t h e  schematic  i n  F igure  6. Mechaxical 
m o t i m  of t h e  r e c e i v e r  was accomplished u s i n g  s u i t a b l e  f l e x i b l e  
wave guide.  
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EXPERIMENTAL RESULTS 

t The r a d i a t i o n  p a t t e r n  of t h e  t r a n s m i t t i n g  horn was first 

measured and is shown i n  Figure 7. I t  can be seen t h a t  t h e  
rece ived  power drops 40 db within 60°. 
a t  a given angle have been r e f e r r e d  t o  t h i s  curve by a r b i t r a r i l y  
des igna t ing  t h e  same zero  l e v e l  f o r  a l l  p a t t e r n s  a t  zero  degrees.  
Figure 8 shows t h e  e f f e c t  of t h e  b e l l  j a r .  A new f e a t u r e  is 
a s i d e  lobe a t  approximately 42' and 20 db down. 
o the r  s i d e  lobes a l s o  occur a t  l a rge r  angles  which a r e  of t h e  
order  of 30 db down. Figure 8 a l so  shows t h e  e f f e c t  of t he  
sphere alone.  
a more pronounced lobe a t  42O and a pronounced minimum a t  
approximately 65O. The p a t t e r n  f o r  g r e a t e r  than 80° is 
e s s e n t i a l l y  f l a t  a t  20 db down. 

i n  Figure 9. This  p a t t e r n  shows numerous maxima and minima. 

- A l l  s c a t t e r i n g  measurements 

Numerous 

A broad s i d e  lobe occurs between loo and 30°, 

The combined e f f e c t  of t h e  b e l l  j a r  and sphere a r e  shown 

Th i s  p a t t e r n  i n d i c a t e s  t h a t  a simple addikion of t h e  var ious  
curves is  not v a l i d  due t o  phase d i f f e r e n c e s .  I n  view of t h i s  

f a c t ,  t h e  fol lowing procedure was used t o  observe t h e  e f f e c t  
of t h e  plasma. 

A t  each p a r t i c u l a r  angle t h e  received power was measured 
f i r s t ,  then t h e  plasma discharge was e s t a b l i s h e d  and t h e  d i f -  
f e r ence  i n  t h e  received power measured. A curve of t h i s  power 
d i f f e r e n c e  is presented i n  Figure 10. The missing segment 
from 50°-140° is due t o  lack of s u f f i c i e n t  power rece ived  i n  
t h i s  range a s  seen from Figure 9. 

func t ion  of angle were a l s o  made. A p l o t  of t h i s  phase s h i f t  
is  shown i n  Figure 1L 

Measurements of phase s h i f t  caused by t h e  plasma a s  a 

An a l t e r n a t e  procedure t o  observe t h e  e f f e c t s  of t h e  
- plasma was t o  t ransmi t  t h e  microwave s i g n a l  unmodulated. The 
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plasma d ischarge  was then  i n i t i a t e d  and quenched a t  a 1000 cps  
i n  an e s s e n t i a l l y  squa re  waveform. The o s c i l l a t i n g  plasma 
t h u s  s e r v e s  t o  modulate t h e  microwave s i g n a l .  The pe rcen t  
modulation is s u f f i c i e n t  t o  make a d e t e c t a b l e  s i g n a l  a t  
1000 cps.  The r e s u l t a n t  p a t t e r n  is  shown i n  F igu re  12. 

I n  t h i s  c a s e ,  20 db down r e p r e s e n t s  a c o n d i t i o n  of be ing  
i n  n o i s e .  

CONCLUSION 
The change i n  power r ece ived  irnd t h e  phase s h i f t  caused 

by  t h e  plasma show d e f i n i t e  p e r i o d i c  e f f e c t s .  N o  e x a c t  
a n a l y s i s  of t h e s e  p a t t e r n s  can be made wi thout  t h e  use  of a 
computer. I n  g e n e r a l ,  however, t h e  p o s i t i o n  and dep th  of t h e  
minima a s  wel l  a s  t h e  p o s i t i o n  and h e i g h t  of t h e  maxima w i l l  
y i e l d  t h e  maximum plasma d e n s i t y  a s  w e l l  a s  its s p a t i a l  d i s t r i -  
bu t ion .  Such c a l c u l a t i o n s  w i l l  be made i n  t h e  f u t u r e  comparing 
t h e  theory  wi th  exper imenta l  r e s u l t s .  The plasma d e n s i t y  and 
tempera ture  w i l l  a l s o  be v a r i e d  t o  observe t h e i r  a f f e c t s  on t h e  
s c a t t e r i n g  c r o s s  s e c t i o n .  

The technique of modulating t h e  plasma o f f e r s  some other 
advantages.  The f a c t  t h a t  t h e  pe rcen t  modulation has  been 
found p r o p o r t i o n a l  t o  t h e  d i scha rge  c u r r e n t  i n d i c a t e s  t h a t  t h e  
power d e t e c t e d  a t  t h e  r e c e i v e r  w i l l  be  p r o p o r t i o n a l  t o  t h e  
e l e c t r o n  dens i ty .  

Thus, t h e s e  p re l imina ry  r e s u l t s  i n d i c a t e  t h a t  t h e  micro- 
wave techniques  desc r ibed  h e r e i n  provide  an e x c e l l e n t  means of 

measuring t h e  p r o p e r t i e s  of t h e  t r apped  plasma and w i l l  a l s o  
g i v e  t h e  r a d a r  cross s e c t i o n  of a plasma c l a d  sphe re  i n  which 
t h e  c o n f i g u r a t i o n  of t h e  plasma wi th  r e s p e c t  t o  t h e  sphe re  a s  
w e l l  a s  i ts d e n s i t y  a r e  e a s i l y  v a r i a b l e .  
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FIGURE CAPI'IONS 

FIGURE 1. 

FIGURE 2 .  

FIGURE 3. 

FIGURE 4 .  

FIGURE 5 .  

FIGURE 6. 
FIGURE 7. 

FIGURE 8. 

FIGURE 9. 

FIGURE 10. 

FIGURE 11. 

FIGURE 12. 

Fu l ly  developed plasma b e l t  w i th  accompanying 
a r c s .  Radius of sphere  is 6 inches.  
Pressure  = 50 microns. 
Fu l ly  developed plasma b e l t  w i th  one a r c  and 
one s t reamer.  Radius of sphere  is 3 inches .  
Pressure  = 42 microns. 
Fu l ly  developed plasma b e l t  w i th  t w o  a r c s .  
Radius of sphere  is 3 inches.  
Pressure = 42 microns. 
Plasma dens i ty , cu rve  a is e l e c t r o n  d e n s i t y ;  
curve b is ion  d e n s i t y ;  curve c is  t o t a l  d e n s i t y .  
Radius of sphere  is 6 inches .  
Pressure  = 42 microns. 
Discharge c u r r e n t  = .44 ma a t  540 v o l t s .  
Schematic diagram of s c a t t e r i n g  assembly; 
v e r t i c a l  view. 
Schematic diagram of in t e r f e romete r .  
Power rece ived  vs .  angle  f o r  t h e  conf igu ra t ion  
of no b e l l  j a r  or sphere .  
Power rece ived  vs .  angle  f o r  t h e  conf igu ra t ion  
of :  (a )  sphere ,  no b e l l  j a r ,  (b) b e l l  j a r ,  no sphere .  
Power rece ived  vs .  angle  f o r  t h e  conf igu ra t ion  of 
sphere and b e l l  j a r  combined. 
Change i n  power rece ived  due t o  plasma a s  a f u n c t i o n  
of angle .  
Change i n  phase of r ece ived  s i g n a l  due t o  plasma 
a s  a func t ion  of angle .  
Power rece ived  vs. angle  wi th  unmodulated k l y s t r o n  
and 1000 cps  square wave plasma d ischarge .  
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